
JMed Genet 1996;33:689-692

Investigation of an interleukin-4 promoter
polymorphism for associations with asthma and
atopy

A J Walley, W 0 C M Cookson

Abstract
The cytokine cluster located on chromo-
some 5 has been shown by linkage studies
to play a role in the genetic determination
of circulating immunoglobulin E (IgE)
levels in atopic subjects. In the study pre-
sented here, the reported chromosome 5

linkage has been investigated in two sets of
subjects. The first consisted of a general
population sample of 230 nuclear families
(n= 1004) from Busselton, a small West
Australian country town. The second
group consisted of 124 unrelated atopic
asthmatics and 59 unrelated non-atopic,
non-asthmatic controls, all resident in the
Oxfordshire Regional Health Authority
area in the United Kingdom. A previously
reported interleukin-4 (11-4) promoter
polymorphism (-590 C-iT) was analysed
in these populations by a newly designed
method of specific PCR amplification and
BsmFI restriction endonuclease diges-
tion. In the Busselton population the poly-
morphism was shown to be weakly associ-
ated with specific IgE to house dust mite
(Mann-Whitney-U test, p=0.013) and to
wheeze (MWU test, p=0.029), but not with
specific IgE to grass pollen, total serum

IgE, bronchial hyperresponsiveness, eosi-
nophil count, or asthma. In the Oxford-
shire subjects there were no statistically
significant associations with any measure

of asthma or atopy. These data show that
the -590 C-iT 11-4 promoter polymor-
phism is only weakly associated with
certain measures of asthma and atopy in
some subjects. It was specifically not asso-

ciated with serum IgE concentration or

asthma in either of the two groups in this
study.
(JMed Genet 1996;33:689-692)
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The response of the immune system to
allergens is governed by a large range of
factors, both environmental and genetic. There
is ample evidence that environmental factors
influence the development of allergic diseases
such as asthma, eczema, and hay fever' (collec-
tively known as atopy) and there is now

evidence that genetic factors are important as

well.`'- Asthma, eczema, and hay fever involve
chronic inflammation of the airways, the skin,
and the nasal mucous membranes. These three
conditions may be seen alone, or together in

the same patient. They lead to substantial
losses in working hours and significant morbid-
ity and mortality.
The IgE mediated mechanism which results

in an inflammatory response is important in
neutralising invading pathogens, typically ex-
tracellular parasites such as hookworm (Ancy-
lostoma duodenale) or the blood fluke (Schisto-
soma mansonz).' In atopy, the same mechanism
is triggered by ubiquitous allergens, such as the
faeces of the house dust mite, cat and dog dan-
der, and grass pollen.
The allergic response begins with the

allergen being bound by specific IgE, the latter
already being bound to the high affinity IgE
receptor (FceRI) on mast cells and basophils.
Cross linking of the immunoglobulin receptor
complex on the cell surface leads to a signalling
cascade involving phospholipase C and protein
kinase C pathways. The cascade triggers an
acute response in which histamine, prostaglan-
din D2, platelet activating factor, interleukin-4
(I1-4), and other cytokines are released from
cytoplasmic granules. I1-4 activates the pre-T
helper cells5 so that they become Th2 cells.6 7
These cells then trigger isotype switching in B
cells from IgG/IgM to IgE, subsequently
enhancing the degranulation of mast cells by
increasing the saturation of FceRI receptors
with allergen/IgE complexes.

In the absence of continued allergen chal-
lenge, the inflammatory response is reduced to
basal level by cytokines that switch Th2 cells to
the Thl phenotype. These cytokines include
interleukin- 12, transforming growth factor
beta, and interferon gamma.8 The heterogene-
ity of atopy has been explained by differing lev-
els in cytokines between atopic and non-atopic
subjects.9 '° However, it should be noted that at
least one study has found no correlation
between I1-4 expression and serum IgE levels
in atopic subjects."

Genetic markers within and around 5q3 1-33
have been shown to be linked to total serum
IgE concentration in the USA'2 and Hol-
land.'3 1" They have provided strong evidence
that there are one or more loci in 5q31-33 that
are closely involved in raised serum IgE levels
and bronchial hyperresponsiveness. The gene
encoding interleukin-4 is within this region
and is therefore a possible candidate for the
reported genetic linkage.
An SSCP I1-4 marker had previously been

linked to asthma,'5 when three different
interleukins were analysed for promoter poly-
morphisms. This interleukin-4 promoter poly-
morphism was found to be present at high fre-
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quency in asthmatics (35/95 = 0.37). It was
also associated with a raised serum IgE
concentration. The polymorphism is a C to T
change at position -590 counting from the first
ATG codon."6 The polymorphism is upstream
of all the previously described control elements
of interleukin-47-" as shown in fig 1. It may
nevertheless form part of a previously unde-
scribed element, because it has been shown
that regions as far upstream as -3000 are
required for full wild type expression levels.2'
Recently, Rosenwasser" has reported binding
of nuclear factors to this region, and has shown
enhanced activity for the variant promoter
when placed in a luciferase reporter gene
expression construct.
To assess the possible role of this I1-4

polymorphism in modulating the allergic
response, 230 nuclear families were taken from
a general Australian population who have been
studied in detail for measures of asthma and
atopy. To test further whether the polymor-
phism influences asthma, a set of children with
asthma and a set ofnormal controls were taken
from a UK population.

Methods
SUBJECTS
The first group was obtained from the town of
Busselton, West Australia, and consisted of
1004 people from 230 nuclear families, as
described previously.23 The second group con-
sisted of 124 unrelated atopic asthmatics and
59 unrelated non-atopic, non-asthmatics all
resident in the Oxfordshire Regional Health
Authority area in the United Kingdom. Atopic,
asthmatic probands under the age of 21 were
identified through hospital outpatient clinics or
through general practitioners' surgeries. The
controls were normal sibs ofprobands from the
same subject group but from different families.

CLINICAL PARAMETER MEASUREMENT
All subjects were asked to complete a question-
naire, based upon the American Thoracic
Society questionnaire, but including questions
on allergies and rhinitis. In both sets of
subjects, "asthma" was a positive answer to the
questions: "Have you ever had an attack of
asthma?" and "If yes, has this happened on
more than one occasion?". "Wheeze" was
defined as a positive answer to the questions:
"Has your chest ever sounded wheezy or whis-
tling?" and "If yes, has this happened on more
than one occasion?". In Oxfordshire, the
asthma was also clinically diagnosed. Bronchial
responsiveness to methacholine challenge was
measured in the Busselton subjects only
(maximum dose 12 ,umol) and the dose
required to provoke a 20% fall in forced
expiratory volume in one second (PD20) was
calculated by linear interpolation. Subjects in
whom a 20% fall was not achieved by the
maximum dose of methacholine were assigned
an arbitrary PD20 of 100. Bronchial hyperre-
sponsiveness (BHR) was defined as PD20 less
than or equal to 8 gmol of methacholine.'4
Atopy was defined as a positive skin test to
house dust mite (Dermatophagoides pteronyssi-
nus) or timothy grass (Phleum pratense) greater
than 4 mm greater than a negative control.
Total serum IgE and specific IgE responses to
whole house dust mite and timothy grass were
determined using the Pharmacia CAP system
(Pharmacia Biotech, Uppsala, Sweden), which
is a fluorescent enzyme immunoassay system
(FEIA). This system gives equivalent values for
IgE to the older radioallergosorbent test
(RAST). The peripheral blood eosinophil
count was counted automatically (Western
Diagnostic Laboratories, Western Australia
and Haematology Department, John Radcliffe
Hospital, Oxford).

PRE

Figure 1 Diagrammatic representation ofknown control elements within the Il-4 promoter with respect to the -590C-- T
polymorphism. NRE-1 = Negative Regulatory Element 1, NRE-2 = Negative Regulatory Element 2, Negl = Nuclear
factor that suppresses Il-4 transcription, Neg2 = Second nuclearfactor that suppresses Il-4 transcription, PRE = Positive
Regulatory Element, NF-P = Nuclear Factor P, NF-Y = Nuclear Factor X Y Box = NF-Y recognition sequence, P0, Pl,
P2, P3, P4 = NF-P recognition sequences, OAP40= Oct-i associated protein, OAP box = OAP40 recognition sequence,
TATA = Transcription initiation signal. The numbers are based upon the +1 being the first nucleotide of the first codon of
the interleukin-4 protein. NF-P was thought to be a complex ofNuclear Factor ofActivated T cells (NF-ATc) bound to a
c-Fos-c-Jun heterodimer but there is some evidence that NF-ATc alone is sufficient for activity. P2 is shown in italics
because the sequence is in the reverse orientation compared to the otherfour P elements. The P4 element and the upstream
OAP box overlap.
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Table 1 Phenotypic data andfrequency of - 590 C-- T in Busselton families and Oxfordshire cases and controls

Frequency of -590 C-*T
Males Atopy Asthma BHR*

Mean age (SD) (%) (%) (%) (%) All Asthma Normal

Busselton families 25.2 (0.46) 50 35 21 20 0.27 0.30 0.26
Oxon cases and controls 13.5 (0.38) 57 58 68 ND 0.31 0.33 0.27

* Bronchial hyperresponsiveness was defined as a PD20 to methacholine less than or equal to 8 psmol of methacholine.24 ND
means not determined for this subject group.

GENOMIC DNA ISOLATION
Genomic DNA from each subject was isolated
from a 10-50 ml whole blood sample by
phenol/chloroform extraction and ethanol pre-
cipitation using a modified version of the
method of Blin and Stafford.25

PCR AMPLIFICATION OF THE REGION CONTAINING
THE IL-4 PROMOTER POLYMORPHISM
To 50-200 ng of genomic DNA was added: 1.5
tl 10 x reaction buffer (Boehringer Mannheim
GmbH, Germany), 1.5 jl 10 x dNTP mixture
(5 mmolI dATP, dCTP, dGTP, dTTP), 1.5 ptl
5' primer (50 ng/ml), 1.5 ,l 3' primer (50
ng/ml), 0.5 1l Taq DNA polymerase (0.6 units,
Boehringer Mannheim), and sterile water to a
final volume of 15,l. The region ofinterest was
then amplified using the polymerase chain
reaction (PCR)26 in a Perkin Elmer Cetus 480
DNA thermal cycler. The PCR conditions
were five minutes at 94°C followed by 32
cycles of 30 seconds at 94°C, 57°C, and 720C
and a final five minutes at 72°C. The PCR
primers were as follows: 5' primer (AW41A)
5'-ACTAGGCCTCACCTGATACG-3', 3'
primer (AW41B) 5'-GTTGTAATGCAGT-
CCTCCTG-3'. This resulted in a PCR
product of 252 bp spanning positions 522 to
774 in the interleukin-4 promoter sequence
(GenBank accession number M23442).

RESTRICTION ENZYME DIGESTION OF PCR
AMPLIFIED DNA
A total of 5 jl ofPCR product was added to 3.5
p1 sterile water together with 1 gl of NEBuffer
4 and 0.5 ,ul of BsmFI (1 unit) (New England

M 1 2 3 4 M

Figure 2 BsmFI restriction endonuclease digestion ofPCR products amplifiedfrom
nucleotide 522 to nucleotide 744 of the I-4 gene sequence (GenBank accession nun
M23442) in five unrelated subjects. M = DNA molecular weight markers (Boehrii
Mannheim Marker VIII), 1, 4, and 5 = homozygote for the wild type allele, 2 =

heterozygote for the wild type allele and the -590 C-*T allele, 3 = homozygote for t
C-+T allele.

Biolabs) to give a final volume of 10 gl. The
restriction digest mixture was then incubated
at 37°C for one hour. The reaction was
stopped by the addition of 5 gl of agarose gel
loading buffer (5 x TBE, 0.5 mol/l EDTA,
10% (v/v) glycerol, 0.05% (w/v) Bromophenol
Blue). The restriction digest was carried out at
37°C rather than at the optimum temperature
for BsmFI activity, 650C, because of undesir-
able Taq DNA polymerase activity at this tem-
perature. At 37°C the restriction enzyme
retained 50% of its activity.

AGAROSE GEL ELECTROPHORESIS OF DNA
FRAGMENTS
All 15 jil of the restriction digest mixture was
then loaded onto a 2% (w/v) agarose/l x TBE
gel, containing 50 ng/ml ethidium bromide, in
a BioRad wide Mini-Sub cell and electro-
phoresed at 70 V for 90 minutes. DNA
molecular weight markers were also loaded on
the gel for reference (Boehringer Mannheim
Marker VIII). Fragments of DNA were then
visualised by UV transillumination and photo-
graphed using a Stratagene video image
capture system and thermal printer.

STATISTICAL ANALYSIS OF DATA
Non-parametric analysis of the data was
carried out using the SPSS software package
(SPSS Inc, USA) to produce Mann-
Whitney-U Wilcoxon rank sum test and
relative risk results.

ResQults
Cleavage by BsmFI of the 252 bp full length
1-4 PCR product results in two fragments of
192 bp and 60 bp. The -590 C->T polymor-
phism abolishes this site. Fig 2 illustrates this
with examples of a homozygote for the wild
type allele in lane 1, a heterozygote in lane 2,
and a homozygote for the -590 C->T allele in
lane 3. Lanes 4 and 5 are homozygotes for the
wild type allele. Under these electrophoresis
conditions the 60 bp cleavage product is not
visible.

226 bp There was no significant difference in
polymorphism frequency between the Bussel-
ton and Oxfordshire non-asthmatic subjects
(table 1). The Oxfordshire asthmatics had a

192 bp slightly higher frequency of 0.33 than the non-
asthmatic, non-atopic controls, but this was
lower than the previously reported value of
0.37 in white American asthmatics."5

Table 2 shows the statistical analysis of the
Fn results for the two populations. The only statis-
nber tically significant results from the Mann-
sger Whitney-U test are in the Busselton population
'he -590 between the promoter polymorphism and the

specific IgE to house dust mite (p=0.013) and
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Table 2 Mann-Whitney-U Wilcoxon rank sum test
analysis of associations between the - 590 C-* T
interleukin-4 promoter polymorphism and phenotypic traits
related to atopy and asthma. Bronchial hyperresponsiveness
(BHR) was not measured in the Oxfordshire subjects

Subject group

Busselton Oxfordshire
Phenotypic trait (n=1004) (n=183)

Log, (total IgE) 0.985 0.895
Specific IgE-dust 0.013 0.368
Specific IgE-grass 0.949 0.769
Eosinophil count 0.432 0.638
BHR 0.352 NA
Asthma symptoms 0.397 0.424
Wheeze 0.029 0.750

Table 3 Relative risks associated with inheriting the
- 590 C-- T interleukin-4 promoter polymorphism and
asthma or wheeze

Relative risk of asthma Relative risk of wheeze
(95% confidence (95% confidence

Subject group intervals) intervals)

Busselton 1.146 (0.836-1.571) 1.329 (1.029-1.718)
Oxfordshire 1.282 (0.697-2.355) 1.109 (0.587-2.094)

to the clinical symptom of wheeze (p=0.029).
None of the traits analysed in the Oxfordshire
subjects were significantly associated with the
polymorphism.

Table 3 shows the calculated relative risk of
having asthma or wheeze in subjects with the
-590 C-*T polymorphism. Only the relative
risk for wheeze was significant in the Busselton
population with a value of 1.33 and 95% con-

fidence intervals of 1.03-1.72. There was no

relationship of the polymorphism to asthma in
either of the populations.

Discussion
These results show that the 11-4 promoter
polymorphism is found at a population preva-

lence of 0.26-0.27 in the two study groups.

The slightly increased frequency in the Ox-
fordshire asthmatics (0.33) is not significantly
different from the non-asthmatic controls. The
similar population prevalences of the promoter
polymorphism between the Busselton and
Oxford populations contrasts with the finding
of statistically significant associations in the
former and not the latter. This may be because
of the lower levels of atopy and asthma in the
Busselton subject group (table 1) showing an

effect that is masked in the Oxfordshire group.
It is also likely that although the two subject
groups are genetically close, the disparate envi-
ronments of the two groups could explain these
differences.

Interleukin-4 is central to the allergic
response and the findings of the present study
differ from those of the previous report of the
polymorphism.15 Rosenwasser" has recently
reported that this polymorphism is involved in
regulating promoter activity in vitro, but the
present study provides little evidence that the
polymorphism is associated with asthma or
atopy in vivo. However, other polymorphisms
in interleukin-4 may be functionally important

in the subjects studied. It seems increasingly
possible that, although interleukin-4 is an ideal
candidate gene for atopy and asthma, it is not
responsible for the reported linkages to the
chromosome 5q31-33 region.
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